examination and a chest radiograph were normal. She was treated with vinblastine, but by August was admitted with severe dyspnoea, cyanosis, pyrexia, and a dry cough. The pulse rate was 120 per minute and respiratory rate 30 per minute. There were no abnormal physical signs in the chest and there was no evidence of cardiac failure. An electrocardiogram was within normal limits, and the arm-to-tongue circulation time was normal. The chest film showed enlarged left hilar and right paratracheal lymph nodes and a diffuse ground-glass cloudiness involving mainly the lower and middle zones on both sides. The E.S.R. was 49 mm./hour and serum protein 5-1 g./100 ml.
Seven days after admission she collapsed and developed carpo-pedal spasm as a result of respiratory alkalosis. There were now crepitations at the left base. Hydrocortisone and tetracycline were given and oxygen could not be stopped without producing severe cyanosis and restlessness. The oxygen saturation of femoral arterial blood was 78% while she was receiving oxygen and dropped to 71% after the oxygen had been stopped for five minutes. Tetracycline was replaced by penicillin, streptomycin, and isoniazid, but crepitations developed all over the chest and a chest radiograph showed increased cloudiness in the lung fields. Bronchial breathing was heard at the left base before she died. At necropsy there were firm, airless, and pinkish-grey lungs. Hodgkin's tissue was present in the spleen and there were several enlarged nodes in the axillae, mediastinum, paraaortic region, and pelvis. Histology of the lungs was typical of Pneumocystis carinii pneumonia.
CASE 2 An 8-year-old boy suddenly developed enlarged lymph nodes on both sides of the neck in December 1965 and a chest radiograph revealed mediastinal widening by enlarged hilar nodes. The haemoglobin was 16-7 g./100 ml., E.S.R. 6 mm./hour, W.B.C. 5,400 with a normal differential, and platelets 408,000/c.mm. S_rum proteins and electrophoresis were normal. Biopsy of a cervical node showed lymphoblastic lymphosarcoma. Radiotherapy to the Pneumocystis carinii pneumonia and reticuloses neck and mediastinum produced rapid regression of the nodes. Towards the end of his course there was a sudden increase in the white blood count, and this was due to the appearance of blast cells; 50% of the marrow cells were lymphoblasts. He was treated intensively with a combination of vincristine, prednisone, methotrexate, and mercaptopurine simultaneously in an attempt to eradicate the disease. There was a good initial response with remission in the peripheral blood and the marrow. The disease recurred in May and was resistant to chemotherapy. Rubidomycin, a new agent, was tried in July but had no apparent effect. He developed severe, generalized haemorrhagic herpes zoster, became extremely dyspnoeic, and died. Necropsy showed, in addition to the reticulosis and herpes zoster, a mixed pneumonia with both Gram-positive bacteria and Pneumocystis carinii.
CASE 3 A 38-year-old woman presented in December 1964 with generalized lymphadenopathy, and a cervical node biopsy revealed Hodgkin's disease. Examination of the blood showed lymphopenia, and there was dramatic improvement with radiotherapy to the involved areas. Vinblastine and prednisone were given from November 1965 onwards for recrudescence of the lymphadenoma. During the illness she had attacks of herpes simplex, chicken-pox, and warts.
At the beginning of November 1966 she complained of bilateral lower chest pain, a dry cough, and exertional dyspnoea. No abnormality was detected on clinical examination of the chest, but the radiograph showed bilateral fine granular shadowing extending from the hila into the upper and middle zones ( Fig. 1 ).
In view of the experience of the preceding cases an open lung biopsy was performed and showed Pneumocystis carinii pneumonia. The total serum protein concentration was 4-5 g./ 100 ml. Electrophoresis showed reduced albumin and gammaglobulin. On immunoolectrophoresis, IgG was low at 330 mg./ 100 ml. and IgA and IgM were 15% and 20% respectively of reference normal serum.
Treatment was started with a daily intramuscular injection of 225 mg. pentamidine isethionate. The injections were given into both buttocks, and after eight injections the patient complained of numbness over a wide area below the injection sites. A day later the lateral aspects of both thighs became red and extremely painful and she developed a high pyrexia. Ampicillin and crystalline penicillin were given for this presumed cellulitis, and an episode of hypotension and oliguria was successfully treated with intravenous hydrocortisone and mannitol. Four days later, herpes zoster-like vesicles appeared on the right thigh along the distribution of the second and third lumbar segments, and shortly afterwards the patient collapsed and died.
At necropsy there was Hodgkin infiltration of the liver, kidney, spleen, and para-aortic lymph nodes. The lungs showed obvious macroscopic involvement with Pneumocystis carinii.
DISCUSSION
Pneumocystis carinii pneumonia occurs in children with congenital hypogammaglobulinaemia (Burke, Krovetz, and Good, 1961) . Although hypogammaglobulinaemia has been recorded in acute lympho-blastic leukaemia (Seigmann, Alais, and Bernard, 1959 ) and Hodgkin's disease (Heremans, 1959) , it is not common. Deficient responses to primary immunization sometimes occurs in lymphaderoma (Miller, 1962) Thorn (1966) has recently emphasized the unfavourable effect of steroids on the host-parasite relationship. X-irradiation and many cytotoxic drugs depress the immune response, and antibiotic therapy promotes the emergence of uncommon pathogens by selection.
Extensive radiotherapy in Hodgkin's disease (Kaplan, 1966) and intensive chemotherapy of acute lymphoblastic leukaemia (Zubrod, 1965) have recently been advocated. There is therefore likely to be an increased incidence of infections like torulosis (Misch, 1955) , aspergillosis (Gowing and Hamlin, 1960), candidiasis, cytomegalic inclusion disease (Rose, 1966) , and Pneumocystis carinii, all formerly considered to be rare. These cases of Pneumocystis carinii pneumonia demonstrate that, although the pathogen may be merely an opportunist invader, as in case 2, it can be the probable primary cause of death, as in case 1, or contribute greatly to morbidity, as in case 3. Diagnosis of the infection in life is important as it may respond to treatment with pentamidine isethionate (Rodgers and Haggie, 1964; Marshall et al., 1964; Robbins et al., 1965) or to combined therapy with sulphadiazine, pyrimethamine, and folinic acid, as suggested by Frenkel, Good, and Shultz (1965, 1966) and attempted by Rifkind et al. in 1966. Unfortunately, in the case treated (case 3) death occurred during treatment. From the childhood cases described by Rodgers and Haggie (1964) and Robbins et al. (1965) no improvement in the clinical condition was apparent for one to two weeks or in the radiographic appearance for three group.bmj.com on October 29, 2017 -Published by http://thorax.bmj.com/ Downloaded from to four weeks. The persistence of the Pneumocystis carinii pneumonia at necropsy, therefore, did not indicate that pentamidine isethionate was ineffective in the treatment. Indeed, in Pneumocystis carinii pneumonia occurring in normal children the mortality has been reduced from 50% to 31 % by the use of pentamidine (Iva'dy, Paldy, and Unger, 1963; Ivdy et al., 1967) .
The clinical features of Pneumocystis carinii pneumonia are low-grade fever, increasing dyspnoea, and eventual cyanosis out of proportion to the physical signs. Cold agglutinins have been demonstrated in three cases (Rifkind et al., 1966) . In patients with acute leukaemia the diagnosis is more difficult. Various infections may present with the clinical picture of pulmonary oedema (Bodey, Powell, Hersh, Yeterian, and Freireich, 1966 
